In order to improve the laser output power in free space optical communication, it is necessary to improve the power efficiency of laser modulation as much as possible, in the case of the limitation of the laser. In this paper, based on the theory of pulse position modulation (PPM), a differential multi-pulse position modulation(DMPPM) scheme was designed, by consulting the structure characteristics of various modulation schemes. According to the power output characteristics of this scheme, the normalize transmitted power model was established, the relationship of the average transmitted power and peak transmitted power with different parameters was analyzed, and compared with other modulation schemes. The simulation results show that, the power utilization rate of DMPPM modulation scheme is higher than that of other schemes. Its average transmitted power is greater than others, and the peak transmitted power is obviously smaller than that of other modulation schemes. The power output characteristic is closely related to the bit number per symbol N and the pulse number per frame p. The power utilization is positively correlated with N, and negatively correlated with p. The results of this study have a significance for further improving the power utilization of laser communication, and it is of practical value of the application in free space optical communication.
INTRODUCTION
With the development of laser application, optical communication technology has become an important research direction with its unique advantages (Xu and Sadler, 2008; Kedar, 2007) . However, because of the limitation of the laser output power in optical communication, and the atmospheric attenuation on laser beam, a great challenge to the power utilization of laser modulation mode is presented, to meet the needs of the minimum sensitivity of the laser communication receiver. Therefore, the most important issue to break through the current free space optical communication technology bottleneck is to design a modulation scheme can availably improve the laser modulation power efficiency, and adapt to the transmission of various information by setting parameters.
In this paper, based on the pulse position modulation (PPM) theory, the symbol structure and characters of several kinds of PPM schemes were researched. Starting with the design of the symbol structure, combining with the characteristics of multi-pulse position modulation (MPPM) and differential pulse position modulation (DPPM), a DMPPM scheme is designed. Based on the structure characteristics of this scheme, the normalized transmitted power model was established, the characteristics of average transmitted power and peak transmitted power were comparative analyzed, and the influence of specific parameters on the output power was summarized.
STATE OF THE ART
Due to the coherence and the monochromaticity of the light carrier from the laser source in use cannot be comparable with the radio carrier, intensity modulation / direct detection (IM/DD) system are widely used in free space optical communication (Urabe and Haruyama, 2012; Drexler, 2010) . The most typical method in IM/DD system is on-off key control (OOK), which is simple, easy to operate, but its power utilization is low, and has a heavy load on the satellite equipment. Another typical modulation method is PPM, which has higher optical power utilization and bandwidth utilization, as well as strong anti-interference ability, and suitable for free space optical communication. Along with the continuous research on the classical pulse position modulation, it also has two kinds of improved schemes, DPPM and MPPM. DPPM does not need symbol synchronization, which greatly reduces the difficulty of signal demodulation, but its power requirement is relatively large. Jingyuan Wang (Wang and Xu, 2004) et al established normalized average power requirement model for OOK, PPM and DPPM, and carried out the numerical simulation based on this model. The results show that DPPM requires slightly more power than PPM. MPPM can not only improve the power utilization, but also improve the capacity of the channel, but it is difficult to realize. Fang Xu (Xu and Khalighi, 2009 ) et al established model of capacity, the simulation results show that the channel capacity of MPPM is greater than that of PPM, and the channel capacity of MPPM increases with the increasing of the parameter m. Michael Bacher(Bacher and Arnold, 2014) et al made a laser communication demonstration experiment between La Palma island and OGS ground station in 2012, the experiment communication distance is 142km. In the experiment, the modulation performance of the PPM and MPPM were tested, the transmission rate of PPM reached 91Mbps, while (64,4) MPPM transmission rate reached 242.9Mbps. But the frame err rate (FER) of MPPM is nearly 1.5 times as PPM. The experimental results show that the MPPM has a significant improvement of the data transmission rate, but it also increases the difficulty of demodulation and brings a higher FER due to its character of the symbol structure. The study results above show that DPPM does not need symbol synchronization, easy to demodulation, but the power requirement is high. MPPM can improve the power utilization and channel capacity, but it is difficult to achieve. Therefore, in this paper, combined with the structural characteristics of DPPM and MPPM, DMPPM modulation scheme is designed to develop the advantages of the two schemes, and improve the power utilization while the difficulty of demodulation is ensured.
The remainder of this paper is organized as follows. Section 3 makes a research on the symbol structure of DMPPM. And the model of normalized power is established based on the structure characters. Section 4 analyzes the average symbol length, the average transmitted power and the peak transmitted power based on the simulation of the model above. Conclusions are summarized in Section 5.
METHODOLOGY
The symbol characteristics of different modulation schemes lead to different power characteristics. The symbol characteristics of four modulation schemes are analyzed, the average symbol length of the four schemes are obtained, and the normalized laser transmitted power model is established. The results show that the average transmitted power is negative correlation with the average symbol length, and the peak transmitted power is positively correlated with the average symbol length.
Symbol Structure
In PPM, a N bits binary data maps to a time slot in the time period composed by 2 N slots, while there is not any pulse signal in other slots (Gupta, 2016) . Therefore, if a frame information of PPM is l bit, then the transmission bits are 2 log l bit. And DPPM is a simplified form of PPM. In DPPM, all the empty slots after the last pulse slot are removed, and the remaining time slots remain unchanged. Because each frame of DPPM information ends with a pulse signal, frame of DPPM does not need to synchronize. In MPPM, the N bit binary data maps to multiple pulse signals in multiple time slots, which is in the period composed by m time slots, that is, multiple pulses are sent in one information frame (Assanovich, 2007) . If the pulse number of MPPM is p (p>2 recorded as (m, p) MPPM, and C . Generally, m is set as a smaller value, the coding of the source data can be achieved. In order to improve the performance of the modulation further, we proposed a novel modulation scheme in this paper, DMPPM. This scheme is an improvement of MPPM, which is based on MPPM with combination of symbol characteristics of DPPM modulation, by removing all the empty slots after the last pulse slot and remaining other time slots. In this way, each information frame of DMPPM ends with a pulse signal, so there is no need of frame synchronization in the actual application of DMPPM modulation and DPPM modulation. This characteristic is of critical importance in the modulation, and it is a feature that PPM modulation and MPPM modulation lack of.
Figure1 shows the frame structure of (m, p) MPPM and DMPPM. All of the analysis in this paper is carried out under the ideal condition, without considering the influence of the fiber laser, the channel noise and so on. In addition, the slot width is supposed to be the same as the width of the pulse, that is
. If the source is 4 bit, PPM requires 16 slots; DPPM requires 8.5 slots; the MPPM with 2 pulses requires 9 slots, while the MPPM with 3 pulses requires 7 slots. In contrast, DMPPM with 2 pulses and 3 pulses requires only 5.5 slots and 5 slots respectively. Consequently, if the same information bits are transmitted, the average number of slots required in DMPPM is smaller than that of MPPM. 
Average Symbol Length
In order to facilitate the analysis, the bit rates of a variety of modulation are all set as b R bit/s, and each symbol corresponds to one N bit binary data. 
Average Transmitted Power
In the field of wireless optical communication, in order to ensure the transmission rate, high power efficiency is required as much as possible (Arimoto, 2010) . In PPM modulation, if the peak power is certain, the larger the average power, the more amount of information can be transmitted in unit time. If the average power is certain, the lower the peak power, the higher power efficiency is.
The peak power is recorded as peak P . It is supposed that the duration of the pulse slot in information frame is the same as that of empty slot, and the binary bit "0"and "1" occur with equal probability, the average transmitted power of PPM, DPPM, MPPM and DMPPM is giver as follows:
Peak Transmitted Power
In the wireless laser communication system, as different modulation schemes are selected, the peak power is also different (Liao, 2014; Arnon 2010) . In order to facilitate the analysis, it is assumed that the average power of various modulation schemes are the same, _ P , and the unit is W. Accordingly, the peak power of DMPPM, DPPM, MPPM and PPM are given as: In brief, the peak transmitted power of this four modulation schemes increase with the increasing of the bit number of each symbol. When N and p are certain, the four peak transmitted power, from large to small, is in turn as PPM, DPPM, [N, p]MPPM, [N, p]DMPPM. The difference between this four peak transmitted power increases with the increasing of the bit number of each symbol. In addition, when N is certain, the peak transmitted power of [N, p]MPPM and [N, p] DMPPM can be decreased by raising the number of pulse slots in each symbol, but the decrease is not endless.
CONCLUSIONS
In this paper, first a new DMPPM scheme is proposed based on MPPM and DPPM. Subsequently, its symbol structure is analyzed. Based on the symbol structure of DMPPM, a series of main parameters are analyzed, including average symbol length, average transmitted power and peak transmitted power. And the results are compared with PPM, DPPM and MPPM. The conclusions were obtained as follows.
(1) The average symbol length of DMPPM is smaller than that of PPM, DPPM and MPPM. That means in unit period of time, it can transmit more information in use of DMPPM. Due to the pulse position is corresponding to the information, each pulse position represent one bit of data. With the increasing of the transmission rate, the pulse number increases in unit period of time, so the average transmitted power increases.
(2) The peak transmitted power of DMPPM is the smallest of the four kinds of modulation scheme. It means that the pulse corresponding to each bit of data costs less power, and the power efficiency is higher than others.
(3) The characters considered in this study verified that DMPPM can availably improve the power efficiency of PPM. And from the analysis above, the characters can be further optimized by set appropriate parameters according to the specific system requirements.
The simulation results show that DMPPM has the advantages of higher power efficiency. However, FSOC not only has a high demand for the power efficiency of the modulation scheme, but also has a high demand on other characters, such as bandwidth requirement, transmission rate and so on. Further study is needed on the analysis of other characters and setting methods.
